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Daunorubicin (DRB) is now the approved name for the 2 apparently identical antibiotic substances originally described as daunomycin and rubidomycin. Its identification and chemical formula, its mode of action, and its experimental pharmacology were described in the 60's by various workers. DRB forms a complex with DNA, it has marked antitumour activity and is highly toxic; in these respects it resembles dactinomycin, but differs in other ways.
In man, DRB has been used in a variety of neoplastic conditions. Remission has been reported in acute leukaemia, both lymphoblastic and myeloid (Jacquillat et al., 1966; Tan and Tasaka, 1966; Bernard et al., 1967 Bernard et al., , 1970 Hardisty and Norman, 1967; Holland, 1967 Holland, , 1968 . Regression of certain solid tumours has also been produced, e.g. of metastatic neuroblastoma, reticulum cell sarcoma, and rhabdomyosarcoma (Tan and Tasaka, 1966; Tan et al., 1967) .
Toxicity has resulted from virtually all regimens of DRB used clinically. Bone marrow damage has been the most common toxic effect (Jacquillat Received 16 September 1971. *W. J. Kilpatrick Research Fellow of Anti-Cancer Council of Victoria.
et Tan and Tasaka, 1966) . A syndrome of cardiorespiratory failure developed in some patients whose total dose of DRB exceeded 25 mg/kg, and this has been thought to be due to toxic effects on the myocardium (Jacquillat et al., 1966; Macrez et al., 1967) .
Insufficient work has been reported to date to give a clear picture of the place of this potentially valuable but highly toxic drug in the treatment of leukaemia and solid tumours in childhood. Nor does the literature reveal whether other regimens may be superior to repeated courses of daily injections for 3 to 5 days, as has been commonly used in trials reported to date. Accordingly, pilot studies carried out in 1966-68 are described in this paper with data which suggest that a single injection every 7 to 14 days is as effective as the repeated courses of daily injections.
Subjects a2d Methods
Between April 1966 and October 1968, DRB was used in the treatmmnt of 50 children aged 1 to 15 years at the Royal Children's Hospital, Melbourne. These children had acute leukaemia, which was lymphoblastic in 44, myeloid in 6. 17 had been treated previously with other drugs, but were in relapse when DRB was started 272 group.bmj.com on October 20, 2017 -Published by http://adc.bmj.com/ Downloaded from ('treated cases'), and 33 received DRB as their initial induction therapy, together with prednisolone for at least 10 days ('new cases'). The distribution of these cases by age, sex, and type and stage of leukaemia is shown in Table I . Criteria of response. The criteria for complete remission were defined as disappearance of all symptoms and signs of the leukaemia (e.g. anorexia, fever, bleeding, splenomegaly, lymphadenomegaly), with return of the bone marrow to normal and of the peripheral blood picture to near normal, i.e.
at least 1 ig Hb/100 ml, 1500 neutrophils/mm3, and 120,000 platelets/mm3.
Bone marrow remission was defined as return to a normal proportion of blast cells in the bone marrow, i.e. the blast cells numbered not more than 5%, and the blast cells plus lymphocytes in lymphoblastic leukaemia numbered not more than 40% of the total nucleated cells, in the presence of clinical signs of the disease.
Clinical remission was defined as a complete remission as described above except that no examination was done to establish that the bone marrow had returned to normal.
Partial remission was defined as improvement in the symptoms, signs, peripheral blood, and bone marrow findings short of that which qualified as a complete remission as defined above.
In both complete remission and clinical remission the improvement was maintained for at least one month during which either DRB or another drug such as 6-mercaptopurine was continued as maintenance therapy. 
Side-effects
In each case the urine was coloured red for 6 to 8 hours after each injection of DRB. In some, this was the only side-effect. Occasionally a localized non-suppurative phlebitis or cellulitis occurred at the site of the injection, presumably due to extravascular injection or leakage.
The incidence and frequency of all the side-effects that were probably or possibly attributable to DRB are presented in Table V . Neutropenia (<1500 neutrophils/mm3), thrombocytopenia (< 100,000 platelets/mm3), and anaemia (<10 g Hb/100 ml) occurred frequently. They were of course often present at the onset of treatment. If, after the first injection of DRB, further cytopenia occurred in the presence of signs of clinical improvement, this was recorded as a toxic side-effect, though it may in fact have been due to other causes. The neutropenia, which was usually at a level of less than 1,000 neutrophils/mm3, reached its lowest point 10 to 14 days after the injection.
During the periods of most severe neutropenia (less than 200 neutrophils/mm3), 'reversed barrier nursing' was arranged in single rooms, and antibiotics against both Gram-positive and Gramnegative organisms were given prophylactically. The infections which did occur were chiefly stomatitis and septicaemia. The organisms isolated on blood culture were Gram-negative bacilli in 3 cases (pseudomonas, klebsiella species, and unidentified), and Gram-positive cocci in 2 (oc-haemolytic streptococcus and Staphylococcus albus). Stomatitis due to candidiasis occurred in 6 cases. Other infections such as cellulitis of the face, otitis media, bronchitis, and generalized candidiasis were also seen. Most bacterial infections responded well to treatment with appropriate antibiotics.
When thrombocytopenia was severe (platelets <60,000/mm3), children were given prednisolone up to 50 mg/m2 per day, sometimes with transfusions of platelet-rich plasma or, if anaemia was present, of fresh blood. Anaemia arising as a probable toxic side-effect required blood transfusion in only 11 cases; 8 of these had received doses of DRB greater than 2 mg/kg, in combination with vincristine in one of them.
Gastrointestinal symptoms such as nausea, vomiting, abdominal pain, or diarrhoea occurred, but were never severe and their duration was limited to 24 to 48 hours after the injection.
Alopecia developed in one child with acute myeloid leukaemia who had received radiotherapy to the antrum and orbit 5 months before starting treatment with DRB.
Possible cardiotoxicity occurred in 2 children who had received DRB. One child developed tachycardia and cardiomegaly on radiological examination after a total dose of 25 mg/kg. Though these signs proved reversible, necropsy 5 months later revealed some fragmentation of myocardial fibres. The second child was symptom free after a total dose of DRB of 12 5 mg/kg, but necropsy 5 months later revealed similar fragmentation of myocardial fibres. This child had also received irradiation of the mediastinum 7 months before death.
Death occurred during DRB therapy in 9 cases; in all, it was attributable to infection or to haemorrhage in association with pancytopenia in the presence of extensive leukaemic infiltration.
Discussion
The development of new antineoplastic drugs has proceeded at an increasing pace in recent years and the total number available now approaches three figures. In this situation there is a danger that a drug may be discarded in favour of another before it has received a really adequate trial, in more than one dosage and more than one kind of regimen. DRB may possibly be in this position, for a potential successor to it (Adriamycin) is currently undergoing clinical trials though the optimum dosage and regimen for DRB have not as yet been determined.
In this study intermittent dosage of DRB resulted in the induction of remissions at least comparable with those obtained in other studies with daily injections, i.e. in our series (Table IV) 93% complete or partial remissions in previously untreated cases of acute leukaemia of either type, and 38% complete or partial remissions in previously treated cases, compared with up to 100% complete or good partial remissions in previously treated cases, and 44% complete or good partial remissions in previously treated cases (Tan and Wollner, 1968) . The interval between injections was usually 10 to 14 days and in 'new cases' (previously untreated), complete remission commonly occurred after only two or three injections.
Group I included 3 children on daily injections, all in a terminal stage and 2 of them receiving only limited dosage, and no conclusions can be drawn from them. The 5 children in Group V all received their DRB as part of combination therapy with at least 2 other drugs, so the effect of DRB in them is not assessable. They illustrate the feasibility of combining DRB with other cytotoxic drugs; the indication for doing so was a need to induce remission with rapidity because the child was about to travel overseas or had advanced myeloid or terminal lymphoblastic leukaemia.
The 42 children in Groups II, III, and IV all received DRB on an intermittent basis with only minor differences in dosage between the groups and without other cytotoxic drugs being given concurrently. Group III became the largest of the five because of early indications that its regimen was proving the most satisfactory one to use.
In the total series of 50 children, remission of some degree occurred in 35 (70 0') and a good response in 27 (540%). At least 4 of the poor responders, however, received no more than 2 injections, and though this much DRB with prednisolone did sometimes succeed in producing a good remission, 2 doses cannot be regarded as an adequate trial, particularly when the leukaemia is well advanced.
The most informative results come from analysing the findings in Groups II, III, and IV (Table  IV) . New cases of acute lymphoblastic leukaemia had a good response in 22 of 27 (81 %). This response rate is comparable with the best reported with any other drug combined with a corticosteroid.
Children previously treated with other drugs on which they had relapsed showed less response to DRB and prednisolone, as was anticipated. Nevertheless remissions did occur in 5 of a total of 13 treated cases of acute lymphoblastic leukaemia, and 2 of these were complete remissions. These children had been on other antileukaemic drugs for a median period of over 2 years before starting DRB, so even this limited response is deserving of note. With acute myeloid leukaemia only minimal evidence of response occurred.
These results of an intermittent regimen of DRB given every 7 to 14 days, with prednisolone initially, compare very favourably with those reported by other workers using courses of daily injections for 3 to 5 days. The advantage to young children of being able to achieve an adequate response with fewer injections needs no emphasis. Only 2 or 3 injections, with a total dose of 7 mg DRB or less, were required to produce 10 of the 16 complete remissions recorded in Table IV . One of these children who had a complete remission after 2 injections of DRB plus prednisolone, and was maintained with 6-mercaptopurine until she relapsed 3 years later, had a complete remission reinduced recently, again with only 2 doses of DRB. A larger dose was given to children whose leukaemia had become resistant to all 4 regular drugs-6-mercaptopurine, cyclophosphamide, methotrexate, and vincristine; to those with acute myeloid leukaemia; and to those who failed to respond to smaller doses.
Early in this study an attempt was made to use DRB for maintenance therapy by continuing the injections after complete remission was established. One child with acute lymphoblastic leukaemia previously treated for 2 years with other drugs obtained a complete remission from 4 injections of DRB with prednisolone; he continued on DRB to a total dose of 24 mg/kg in 15 weeks. The risk of cardiotoxicity with higher doses, however, makes it inadvisable to use this drug for maintenance therapy.
Intermittent dosage with DRB in single injections of 2 0-2 5 mg/kg did not cause any more toxicity than has been reported with daily injections of 1 mg/kg. Cytopenia and the related hazards of infection and haemorrhage were the most serious side-effects, and were most severe when the injection of DRB was greater than 2 mg/kg or was given in combination with vincristine, 6-mercaptopurine, or cytosine arabinoside. However, full recovery from these side-effects occurred in all patients who obtained a complete remission.
At the same time as this study was in progress, 16 children with solid tumours were treated with DRB as part of their therapy. There were 9 cases of neuroblastoma, 6 of soft tissue sarcoma, and one of Ewing's tumour. Cytopenia was much less marked in this group, though the incidence of other side-effects resembled that found in the children with acute leukaemia. In the solid tumour group neutropenia occurred in 56% of cases compared with 92% of cases in the leukaemia group, anaemia in 44%o compared with 82%, thrombocytopenia in 25 % compared with 76%, and haemorrhage in 6 % of cases in the tumour group, compared with 20% of cases in the leukaemia group.
Cardiotoxicity, which has been a major hazard in most trials in adults, was not a serious problem in this study. This is probably because the total dose of DRB did not exceed 26 * 8 mg/kg in any one child. The pathological changes in the myocardium found at necropsy in 2 cases could well have been due to another cause.
Although 9 of the 50 children died while receiving therapy including DRB, in no case was the death directly attributable to DRB. It is possible in 4 cases with extensive leukaemic infiltration that DRB-induced cytopenia contributed to the development of fatal septicaemia and/or haemorrhage.
